SUMMARY Sensory adaptations to squint are considered in the light of present knowledge of the visual sensory system. A model to assist our understanding of the clinical presentation of sensory adaptation is proposed. Suppression and abnormal correspondence are considered as anomalies of different parts of the sensory system, and the interplay of these adaptations is reviewed.
In squint the embarrassment to binocular vision is considered to be of 2 types-diplopia and confusion. The object of regard has a central image in the fixing eye and a periphetal image falling on a noncorresponding area in the deviated eye. The object will therefore be located in 2 visual directions unless sensory adaptations occur. The location of the same object in 2 visual directions is diplopia. Confusion arises because in normal surroundings the fovea of the deviated eye will receive an image of some other object. If normal correspondence exists, the foveal image in the straight eye will be confused by this different foveal image from the deviated eye. Sensory adaptations occur to eliminate the diplopia and confusion. These adaptations are amblyopia, abnormal retinal correspondence, and suppression. The faulty pursuit of tracking movement that occurs in squint also may be due to the sensory adaptations.
Our understanding of the clinical presentation of these sensory adaptations has improved as new methods of investigation have been developed." The purpose of this paper is to further our general understanding of these conditions by presenting a simple model of the visual system from the evidence of more recent advances in electrophysiology. Such a model must necessarily be a great simplification, as a large proportion of the physiological evidence is not derived from human subjects but from a variety of different animals. Only broad generalisations can be made, and it would be inappropriate to be too specific about the details of the human visual system.
It has become clear that the nerve fibres from the retinal ganglion cells to the centres of the brain are of more than one type: those carrying the sustained response to a visual stimulus, the x cell system, and those carrying a transient response, the y cell system.2 The former seems to be associated with central form vision and acuity, while the y system seems to be associated with the peripheral retina and concerned with the location of objects in space which enables fixation movements to be made. The x (sustained) system is concerned with what the object is, and the y (transient) system with where it is. For the purpose of this model the x system will therefore be referred to as the 'what system', and the more peripheral mechanism as the 'where system '. There is also a deal of accummulated evidence for a third type of nerve cell associated with the central retina, the w cell. The likely purpose of this seems to be in serving the pursuit eye movements, retaining a central image when the eye is following a moving object.3 In line with the other 2 systems, this w mechanism will be briefly called the 'pursuit system'. It is suggested that the nerve impulses from the ganglion cell layer are mediated by the visual pathways to 2 brain centres.5 (Schneider 1969) . This is represented in the diagram by the division of the nerve fibres to the 2 groups of cells labelled 'what system' and 'where system'. The diagram is not intended to indicate the actual anatomical details of the human system, which is still speculative. In some animals there is evidence to suggest that the 'what system' is the visual cortex in the occipital lobes and the 'where system' is in the superior colliculus of the midbrain,6 7 the 'where system' fibres leaving the visual pathway by the superior brachium just before the lateral geniculate body. In animals with forward-looking eyes and overlapping binocular vision, it appears likely that the visual cortex is also intimately concerned with the 'where system'.2 However, the model is not concerned with precise anatomical detail but with giving a working understanding of the visual system to help our understanding of sensory adaptation to squint.
There is evidence to suggest that association fibres connect the likely locations of the 'where' and the 'what' system,8 and these fibres are represented in the right upper part of the diagram. The cortical cells are shown as circles and receive fibres from both eyes, that is, they are binocularly driven cells. In the diagram they represent the simplest level of cortical cell. In order that form vision can be elaborated a number of these simple cells are connected to a single more complex cell, and a number of these to a hypercomplex cell9 10 (Fig. 2) . This further confluence (not shown in Fig. 1 'what' and the 'where' systems (Fig. 3) . If there is inhibition of the 'what system' fibres from the squinting eye, this would result in suppression of form vision from that eye. This is represented in Fig. 3 by the black rectangles interposed at the synapse between the x cell fibres from the squinting eye and the 'what system' cortical cells. The 'where system' could remain undisturbed. This would result in a squinting patient being unable to 'see' an object with the deviated eye, that is, no diplopia, but still being able to locate its direction.
This can be demonstrated clinically. If a patient with a large-angle squint (over 150) is asked to look at a spot-light, this will be fixed with the dominant eye and the patient will report no second image. Where there is established suppression, no diplopia will be reported even if a red filter is placed before the straight eye and a green filter before the squinting eye. The patient will report that the green light cannot be seen. If the patient is then asked to turn the eyes to look at the green light, very many patients will be able to make a prompt and precise fixation movement to fix with the squinting eye. That is, the patient has turned the eyes to fix an object with the squinting eye even though this object could not be 'seen'. The 'what system' has been inhibited, but the 'where system' is still functioning. This seems to indicate the nature of suppression as an inhibition in the 'what system' which may leave the 'where system' intact. I believe that this is what occurs in squints with angles greater than about 120. In such convergent deviations the retinal image of the squinting eye lies more peripherally than the disc area.
Abnormal retinal correspondence
In abnormal retinal correspondence the inhibition is in the nerve fibres from the 'y' ganglion cells of the squinting eye (Fig. 3) . This would mean that the image can be detected with the 'what system' from both eyes, but the only information regarding its visual direction comes from the 'where system' of the undeviated eye. The image in the deviated eye is therefore given the visual direction determined by the 'where system' of the dominant eye. The 'what system' of the deviated eye is able to detect the form of the image (within the limits of its acuity), but owing to normal confluence in image analysing process the exact location of the image is unimportant within certain limits. These limits appear to be about 120, as suppression is more likely than anomalous correspondence if the angle of squint is greater than this. It is also reasonable to assume that the very enlarged 'pseudo Panum's areas' first described by Bagolini in 1970,1 can be explained by this area of inhibition or by abnormal confluence of nerve paths in the 'where system' from the squinting eye. In long-standing abnormal correspondence the dominance of the undeviated eye's 'where system' becomes more fixed, perhaps because long-standing inhibition eventually becomes intractable. Under these circumstances the dominance of the 'where system' of the straight eye is likely to remain even if the squint is straightened surgically or the deviation relieved by prisms.
Although these 3 adaptations may be considered separately, in most unilateral squint the total adaptation will consist of an interplay of all 3. In very many cases, of alternating squint, however, the amblyopia may not be marked, and this suggests that inhibition in the 'where system' can occur independently of lateral conduction (or abnormal confluence) in that 'what system'.
Pursuit anomalies
It is a well known clinical observation that in many squints the ability of the eye to follow a moving target is impaired. This can be seen when undertaking the motility test for noncomitancy, not by any restriction of the total motor field, nor by an increase in the angle of squint in 1 direction, but by a failure of the deviating eye to follow the target. It may be assumed that this could be explained in terms of abnormal confluence or by inhibition of the 'pursuit system' (w cells). It is difficult to offer further explanation on this, as insufficient attention seems to have been given to analysing the anomalies of pursuit in squint.
